INTRODUCTION
Fusion is the conventional surgical treatment for degenerative spine disease proven unresponsive to nonoperative therapy 6) . With the recent developments in fusion techniques, successful radiographically confirmed fusion rates have exceeded 95%, but this has not been accompanied by an increase in successful clinical outcomes. Furthermore, fusion has been associated with several undesirable effects such as loss of motion, chronic lower back pain, and adjacent segmental degeneration 5) . Based on studies in which patients with partial fusion showed the same clinical outcomes as patients with solid fusion, it might be hypothesized that a reduction in, rather than an elimination of, segmental motion results in the alleviation of pain 1, 4, 9, 10) . These findings suggest the need for alterative procedures and techniques that do not require fusion for the treatment of painful degenerative spine disease. Therefore, various kinds of Objective : The aim of the present study was to assess the safety and efficacy of the dynamic stabilization system in the treatment of degenerative spinal diseases.
Methods :
The study population included 20 consecutive patients (13 females, 7 males) with a mean age of 61±6.98 years (range 46-70) who underwent decompression and dynamic stabilization with the Dynesys system between January 2005 and August 2006. The diagnoses included spinal stenosis with degenerative spondylolisthesis (9/20, 45%), degenerative spinal stenosis (5/20, 25%), adjacent segmental disease after fusion (3/20, 15%), spinal stenosis with degenerative scoliosis (2/20, 10%) and recurrent intervertebral lumbar disc herniation (1/20, 5%). All of the patients completed the visual analogue scale (VAS) and the Korean version of the Oswestry Disability Index (ODI). The following radiologic parameters were measured in all patients : global lordotic angles and segmental lordotic angles (stabilized segments, above and below adjacent segments). The range of motion (ROM) was then calculated.
Results :
The mean follow-up period was 27.25±5.16 months (range 16-35 months), and 19 patients (95%) were available for follow-up. One patient had to have the implant removed. There were 30 stabilized segments in 19 patients. Monosegmental stabilization was performed in 9 patients (47.3%), 9 patients (47.3%) underwent two segmental stabilizations and one patient (5.3%) underwent three segmental stabilizations. The most frequently treated segment was L4-5 (15/30, 50%), followed by L3-4 (12/30, 40%) and L5-S1 (3/30, 10%). The VAS decreased from 8.55±1.21 to 2.20±1.70 (p<0.001), and the patients' mean score on the Korean version of the ODI improved from 79.58%±15.93% to 22.17%±17.24% (p<0.001). No statistically significant changes were seen on the ROM at the stabilized segments (p=0.502) and adjacent segments (above segments, p=0.453, below segments, p=0.062). There were no patients with implant failure.
Conclusion :
The results of this study show that the Dynesys system could preserve the motion of stabilized segments and provide clinical improvement in patients with degenerative spinal stenosis with instability. Thus, dynamic stabilization systems with adequate decompression may be an alternative surgical option to conventional fusion in selected patients. dynamic stabilization systems have recently been developed. Of these, a pedicle-based dynamic stabilization system was designed to stabilize the segment while preserving motion and unloading the disc and facet joint 16) . The Dynesys system was introduced as the first pediclebased dynamic stabilization system in 1994. It is composed of titanium alloy (Protasul 100) pedicle screws, polyester (Sulene-PET) cords and polycarbonate-urethane (Sulene-PCU) spacers (Fig. 1) . It is fixed in place by using standard pedicle screws made of a titanium alloy, and the entire system is stabilized by polyester cords that connect the screw heads through a hollow spacer and hold the screws in place 12) . To date, over 13,000 implantations have been performed worldwide for unstable segmental conditions, usually combined with spinal stenosis and degenerative discopathy.
Several clinical studies have shown better outcomes with the Dynesys system than with conservative treatment alone 2, 12, 16, 17) . Those results were comparable to those of conventional fusion; however, treatment failure, such as screw loosening, screw malposition or adjacent segmental degeneration, was reported in 17 to 19% of patients 3, 8) . Thus, there has been some controversies on the use of the Dynesys system rather than fusion in the treatment of patients with degenerative spine disease. Furthermore, there are no reports concerning the application of this dynamic stabilization system in Korean patients, who have a slightly different lifestyle than western patients. In this study, the authors present the clinical and radiological outcomes of the application of the dynamic stabilization system for the treatment of patients with degenerative spine disease, with the primary objective of determining the safety and effectiveness of the system.
MATERIALS AND METHODS

Patient selection : inclusion criteria
The study population included 20 consecutive patients (13 females, 7 males), with a mean age of 61±6.98 years (range 46-70), who underwent decompression and dynamic stabilization with the Dynesys system performed by one surgeon between January 2005 and August 2006.
The diagnoses were spinal stenosis with degenerative spondylolisthesis (9/20, 45%), degenerative spinal stenosis (5/20, 25%), adjacent segmental disease after fusion (3/20, 15%), spinal stenosis with degenerative scoliosis (2/20, 10%) and recurrent intervertebral lumbar disc herniation (1/20, 5%) ( Table 1 ). All patients had neurogenic claudication, and 17 patients (85%) had additional low-back and buttock pain. The patients experienced symptoms for an average 74.8±105.73 months (range 8-360 months), and their symptoms were resistant to any conservative treatment. Ten patients (50%) had hypesthesia or parasthesia on the affected sensory dermatomes, and 5 patients (25%) had mild weakness in the affected lower extremities.
Four patients (20%) underwent a previous spinal operation : 3 patients underwent decompression and fusion, and 1 patient underwent discectomy. There were 5 patients with osteopenia who took Alendronate and CaCO3 for 6 months before the operation. There was no past medical history which affected the result of operation preoperatively.
Patients with osteoporosis (T-score at or below -2.5), malignancy, active local and/or systemic infection and degenerative scoliotic or kypotic deformities were excluded.
Preoperative evaluation
The preoperative evaluation included history taking, physical examination, neurological examination and imaging studies, including MRI, CT and DEXA (Dual-energy x-ray absorptiometry) bone densitometry. The patients completed the VAS and Korean version of the ODI. Anteroposterior and lateral standing dynamic (flexion and extension views) radiographs of the lumbar spine were taken in all patients before surgery and after surgery until the last follow-up. The global and segmental lordotic angles (stabilized segments, above and below adjacent segments) were measured by Cobb's method with the PACS program (M-view. Ver.5.4, Infinitt Technology). The global lordotic angles were measured from the upper endplate of T12 to the upper endplate of the sacrum. The segmental lordotic angles (stabilized segments and adjacent segments) were measured from between the upper end plates of the corresponding segments. After measuring the angles, the ROM in the stabilized segments and adjacent segments were calculated. The degree of spondylolisthesis was measured by slippage percentage based on the posterior vertebral margin of the lower vertebra.
Follow-up evaluation
The following data were collected : VAS, Korean version of the ODI, pain medication, complications and patient satisfaction. The plain radiographs (anteroposterior and lateral standing) and dynamic radiographs (flexion and extension views) were measured at the designated times until the last follow-up.
Surgical procedure
All operations were performed by one surgeon with the patient in a neutral position using standard surgical procedure for posterior lumbar spine surgery. In some cases, however, bilateral paraspinal (Wiltse) incisions were used in order to minimize muscle disruption. Central and foraminal decompression without any damage to facet joints were performed in all patients, not only at the stabilized segments, but also at the adjacent segments as needed. After adequate decompression, the titanium alloy pedicle screws were inserted, and their correct positions were controlled by anteroposterior and lateral fluoroscopy. Care was taken to place the screws lateral to the facet joints at 30˚-45˚laterome-dial and parallel to the upper end plate of the corresponding segment. The polycarbonate urethane spacers were cut to the appropriate size by measuring the distance between the two pedicle screws and then installed along with the polyester cord. The system was tightened with the specified preload. No further distractive or compressive force was applied to the segment, and no attempt was made to reduce spondylolisthesis.
RESULTS
The mean follow-up duration was 27.25±5.16 months (range 14-33 months), and 19 patients (95%) were available for follow-up. One patient had to have the implant removed (described later). There were 30 stabilized segments in 19 patients. Monosegmental stabilization was performed in 9 patients (47.3%), two segmental stabilizations were performed in 9 patients (47.3%) and three segmental stabilizations were performed in 1 patient (5.3%). The most frequently treated segment was L4-5 (15/30, 50%), followed by L3-4 (12/30, 40%) and L5-S1 (3/30, 10%) ( Table 2) .
The mean operating time was 180 ±46.18 minutes (range 110-290), and the mean blood loss was 125± 39.31 cc (range 100-200). The mean hospital stay was 8.75±4.55 days (range 5-21). Fig. 2 shows the pre-and postoper-ative radiographs showing the typical pathologies for which the Dynesys was applied.
Complications
There were 6 patients with dural tear during decompressive procedure, which were found and repaired intraoperatively. There was no cerebrospinal fluid leakage postoperatively. Three of 20 patients required reoperation during the follow-up period. The implant in one patient needed to be removed due to a delayed allergic reaction 10 months after the operation. There was no elevation of serum ESR and CRP before the operation. Intraoperatively, although there was a white discharge around the PCU spacer, there was no bacterial growth in an aspirated fluid culture. Two patients needed additional surgery. One patient with the Dynesys implantation at L3-4 and L4-5 had persistent back pain and radiating pain in the left L4 dermatome at 3 months postoperative. The symptom was improved by an additional total laminectomy of L3-4. The other patient with the Dynesys implantation at L4-5 had unsolved persisting pain due to foraminal stenosis at the lower level. Therefore, foraminal decompression and interbody fusion (L5-S1) was added to increase the height of the foramen. One patient developed dysarthria and facial palsy at 8 days postoperative and was diagnosed with an acute infarction of the left corona radiata of the cerebrum.
There were no implant failures, such as pedicle fracture, screw loosening or screw malposition, as of the last follow-up.
Clinical outcome
The VAS for back and leg pain decreased from a preoperative mean value of 8.55±1.21 (range 6-10) to a postoperative mean value of 2.20±1.70 (range 0-5) (p＜0.001) ( Table 3 ).
The number of patients using pain medication decreased from 19 patients (100%) preoperatively to 5 patients (26.3%) postoperatively. After the operation, 14 patients (78.7%) did not use analgesics and 11 patients (57.8%) were completely free of back and leg pain. There were no newly developed neurologic deficits or aggravation of neurological symptoms. Five patients continued to experience hypesthesia, and 1 patient showed no improvement in lower extremity weakness.
The preoperative Korean version of the ODI was 79.58% ±15.93% (range 22-89%), indicating that the average patient had a severe disability. At follow-up, it was 22.17% ±17.24% (range 2-57%), which corresponds to moderate disability. This improvement was also statistically significant (p＜0.001). At the last follow-up, 17 patients (89.5%) were satisfied with the result of surgery, but 2 patients (10.5%) were not.
Radiologic follow-up
The global lordotic angles and segmental lordotic angles (stabilized segments, above and below adjacent segments) were measured by lateral standing radiographs, including flexion and extension views, of patients standing in a neutral position ( Table 4) .
The ROM of the global levels was 14.72˚±7.66˚before the operation and 13.92˚±8.68˚at the last follow-up. This change was not statistically significant (p=0.002). The ROM in the stabilized segments was 5.17˚±3.84˚preoperatively and 4.04˚±3.10˚postoperatively (p=0.502). The ROM in the upper segments was 2.58˚±2.23˚preoperatively and 3.03˚±3.43˚postoperatively (p=0.453). The ROM in the lower segments was 2.96˚±3.43˚preoperatively and 2.64± 2.52˚postoperatively (p=0.062). There was no statistically significant change in the ROM.
There were 9 patients with a degenerative spondylolisthesis, all grade I. The change of slippage was from 16.29% (range 9-20) to 14.62% (range 9-17.75).
DISCUSSION
Various forms of degenerative lumbar spine disease require surgical stabilization. As an alternative to fusion, dynamic stabilization systems have various advantages, such as allowing for greater physiologic function and reducing the inherent disadvantages of rigid instrumentation and fusion. The dynamic stabilization system appears to stabilize the spinal segments without fusion across the intervertebral disc or the facet joints. These stabilized segments seem to retain some mobility, which may help to reduce pain and prevent further degeneration of adjacent segments. Dynesys implantation with preservation of the disc and facet may create a favorable environment in the motion segment by unloading these joints and allowing more normal motion. The resumption of mobility in the moderately degenerated disc and facet joint may also slow the degenerative spinal process 11, 14) . Several clinical studies of the Dynesys system have been published. Previous studies of patients who had similar indications for surgery as the patients in the present study showed significant reduction in pain and disability scores 2, 12, 16, 17) . The authors suggest that the Dynesys system could be an alternative to conventional fusion. However, Grob et al. reported less satisfactory clinical outcomes, which may have been related to a lack of surgical decompression in some of the patients 8) . In addition, Cakir et al. concluded that the small sample size and consequent lack of any statistical analyses make it difficult to prove that the Dynesys system is safe and efficient in the treatment of degenerative spine disease 3) . The clinical outcomes of the present study improved significantly during the follow-up period. The VAS decreased from 8.55±1.21 to 2.20±1.70. The mean Korean version of the ODI score improved from 79.58%±15.93% to 22.17%±17.24%. There were 11 patients (57.8%) who were completely free of back and leg pain. Seventeen patients (89.5%) were satisfied with the results of the treatment as of the last follow-up.
The ROM in the global and segmental (stabilized segments, above and below adjacent segments) segments showed no statistically significant changes. The dynamic stabilization system seems to not only preserve segmental motion, but also maintain the patient's own lumbar kinematics. Although it is hard to conclude whether the dynamic stabilization system can prevent adjacent segmental degeneration or not at this time, but this preservation of ROM may prevent the acceleration of adjacent segmental degeneration. There was no definite progression of spondylolisthesis or kyphosis, and radiological evaluation revealed that there was no loosening or breakage of screws.
The dynamic stabilization system has been in clinical use for more than 10 years in Europe. However, there were no reports on the use of the Dynesys system in Korea to date. Despite the different lifestyle in Korea, our clinical and radiological outcomes favorably agree with the published data on dynamic stabilization systems.
The preoperative data did not provide any clue as to the limitations of using the Dynesys, and age, gender, duration of symptoms, and comorbidities did not influence the patient outcome 12) . However, it can be assumed that patients with severe osteoporosis are not suitable for the use of the Dynesys because the anchorage of pedicle screws to the bone is crucial for the pedicular system, and it places a great demand on spinal implants 10) . Though some investigators have mentioned complications related to implantation, such as a pedicle fracture, screw loosening, sign of screw loosening on radiograph and screw malposition, there has been no implant failure as of the last follow-up in the present study. DEXA bone densitometries were performed as a preoperative assessment in all patients. Therefore, patients with osteoporosis (T-score at or below -2.5SD) were excluded from the Dynesys implantation. If necessary, these patients were treated for osteoporosis before the operation.
The clinical and radiological outcome of dynamic stabilization system with the Dynesys is comparable to that reported in the literature regarding fusion in that it allows for stabilization with the preservation of dynamic nature of the spine and improves the clinical outcome.
CONCLUSION
This study revealed that the dynamic stabilization system could preserve segmental motion with stability and clinical improvement. Thus, it is considered safe and effective to apply the dynamic stabilization system instead of conventional fusion after adequate decompression in selected patients with degenerative spinal stenosis with instability. The long-term effects and kinematic changes associated with dynamic stabilization need to be evaluated in further studies.
